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CHAPTER I 
INTRODUC TI ON 
The Purpose of this study was t o  determine if  e i ther  
suspended pa r t i c l e s  of clay or loam adsorb rotenone o r  
copper su l fa t e  IAus influencing the i r  toxici ty  upon gqua ti c 
organisms. 
In an ever increasing number federal,  s t a t e  and l oca l  
governments as  well as  other organizations a re  using copper 
su l fa t e  and rotenone to  control l i f e  in ponds and other 
bodies of water. The use centers mostly around loca l  
recrea t iona l  areas and f i sh  management on public and small 
fann ponds. One of the problems confronting many of these 
agencies is t h a t  the method which may give good r e s u l t s  fo r  
one l o c a l i t y  w i l l  not produce the same good r e s u l t s  e lse-  
where. There i s  need for more information concerning the 
act ion of both copper su l fa te  and rotenone so they may be used 
to  b e t t e r  advantage i n  the future. Is it possible tha t  some 
factor  which has not been investigated i s  adsorbing the poison 
ma kin^ i t  unavailable fo r  reaction with aquatic organisms? 
The following investigation was based on t h i s  poss ibf l i ty ,  
Clay and loam were chosen t o  Study because a re  most 
frbquentlg found i n  the r ivers  and lakes as  well as  f a r m  
ponde, which have been coming in to  prominence the pas t  few 
yeare. 
2. 
The problem was, do e i ther  suspended pa r t i c l e s  in 
water of clay or loam adsorb copper su l fa te  or  rotenone? The 
hypothesis of t h i s  problem was tha t  i f  poison i s  adsorbed on 
suspended pa r t i c l e s ,  the poison i s  not  f ree  t o  r eac t  w i t h  the 
aquatic organism and cause death. Working under this 
hypothesis , the more suspended materials  tha t  one encounters, 
the l e s s  poison would be available fo r  react ion with the 
aquatic organism and thus it would take it longer to  die. If 
this hypothesis i s  correct,  the death time (absence of hea r t  
beat  and movement of thoracic appendages) for  the Daphnia 
(selected as  the organism for  use i n  this study) should 
increase a s  the concentration of clay or  loam i s  increased. 
Thie paper w i l l  present a br ief  account of previous 
work which r e l a t e s  t o  the problem under study, the method of 
approach involved, data obtained and i t s  implications. This 
M-11 be followed by a short discussion and summary of the 
material .  
CHAPTEa I1 
HISTORY OF THE PROBLEM 
Much work has been done concerning the ac t ion  and 
possible use of rotenone. I t  f i r s t  gained prominence as  a 
possible insect ic ide.  I n  recent years i t s  use for  fish 
management has become important. 
Varfous experiments show t h a t  the rough fish, buffalo 
( Ic t iobus sp.) and carp (Cyprinus canpio), have l e s s  
1 res i s tance  t o  rotenone than game fish. The action of 
rotenone i s  induced suffocation due t o  constr ic t ion of the 
c a p i l l a r i e s  the g i l l s ,  2 
Unti l  Howard L. Hamilton worked on the act ion of 
rotenone upon aquatic crustaceans, apparently l i t t l e  
consideration was given to  the poss ib i l i ty  that the use of 
rotenone i n t e r r e r s  with the food chaln of aquatic l i f e .  In 
t h e  discussion by the above named author, it was noted tha t  
macrocmataceans were much more sensi t ive  t o  rotenone than 
rough f iah ;  however, the eggs of these crustaceans were not 
howard L. Hamilton, "Ihe Biological Action of 
Rotenone on B a s h  Water Animals, "Proceedings of the Iowa 
Academy of Science Fifty-Fifth Annual S ~ S S ~ O I I  X e l c !  A t  
Yndinnol~ (Indianola, Iowa: Published by S t a t e  of Iowa, 
1941, PP. 467-479 1 
2 Hamilton, Ibid., p. 4-67. 
4 
suscept ible  and i f  the stock f i s h  were not  immediately 
dependent upon aquat ic  l i f e  for  food, the  damage to  the food 
chain would be only temporary. 1 
Copper s u l f a t e  has been used to  r i d  water of rough 
fish; i t  no doubt i s  more frequently used t o  r i d  waterways of 
c e r t a i n  types of algae, especia l ly  the  blue-green. It has  
been observed that 3 ppm (pa r t s  per mi l l ion)  of copper 
s u l f a t e  i s  s u f f i c i e n t  to  destroy most rough fish.' Also a 
l a r g e  number of aquatic insec t s  and p r a c t i c a l l y  a l l  
phytoplankton and zooplankton a re  destroyedO3 Copper s u l f a t e  
has a wide range of toxfc e f f ec t  on various aquatic 
organisms, but  fish once poisoned w i t h  it do not  recover i n  
fresh w a t e r .  4 
Several  f ac to r s  besides the poison used appear t o  
influence t h e  death r a t e  of Daphnia. John Breukelman using 
mercuric chlor ide  (0.0003N and 0.01N) and Daphnia magna 
Straus  1820 found res is tance t o  the poison increased as tihe 
organism grew older,  and the females were more r e s i s t a n t  than 
'1bid 1 p. 478. 
2 James C a t t ,  "copper Sulphate i n  the Elimination of 
Coarse Fish," Tmns. American Flsh Soc., Vol. 64 (1934). pp. 
276-279. Bio lof . , i c~ l  ~ b s t r a c t s  193'1 
31bld. 
%avid L. B s l d i ~ ~ g ,  "Toxicity Experiments with Fish in 
Reference to  Trade Wasto ~ o l l u t i o n , "  Trans. American Fish 
Soc. Vol. 57 (1927) pp. 100-119. Biological abs t rac t s .  
-
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the males, while the parthenogenetic form was intermediate. 1 
The author suggested tha t  the difference nae due t o  
var ia t ions  i n  the metabolic r a t e .  
The metabolic ra te ,  velocity of aging, hea r t  r a t e  and 
suscep t ib i l i ty  were a l l  noted, by some authors, t o  v a q  
d i r e c t l y  i n  the same direction as  the water temperature i n  
2 which the Daphnia were living. It i s  possible tha t  the l i f e  
span of Daphnia can be controlled. High temperatures r e s u l t  
i n  a shorter  l i f e  span, while cooler environment favors a 
longer average l i f e  span.3 Other authors have found t h a t  
the reproductive r a t e  and growth of Daphnia longispina 0. P. 
f i l l e r  1785 decrease with d i lu te  culture media; however, the  
length of l i f e  was increased. 4 
Research and the material gathered have been devoted 
primarily t o  the effecta of rotenone and copper su l fa t e  on 
'John Breukelman,'Effects of Age and Sex on 
Resia tance of Daphnids t o  Mercuric Chloride, Science, (1930) 
p. 302. 
'John W. Mac Arthur, John W., and W i l l i a m  H. T. 
Bai l l i e ,  l'?letabolic Activity and Duration of Life. I1 
Metabolic Hate and Their Relation t o  Longevity in Da hnia 
Journal of Exp erimental Zoology, (1929) Vo* 
. Biological abstracts,  1G30. 
h e a t e r  Ingle, "Effects of Environmental Conditions 
on Longav~ty." Science. Vol. 78 (1933) PP. 511-513. 
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aquatic organisms and the concentrations used to destroy 
them. However, little consideration has been given the 
possibility of the poison being adsorbed on suspended 
materials in the water, thus making it to a degree 
unavailable to poison the aquatic organisms. 
MATERIALS AND METHODS 
Collection and preparation of loam and clay. The 
co l l ec t ion  of clay and loam from ponds was car r ied  out on the 
seventh of October, 1956. The two bodies o f  water used were 
located approximately f ive miles eas t  of Chariton, Ioua in 
Lucas county. Clay samples were collected from City Lake, 
Range 21 west: Township 72 north: section 27. %e samples 
were taken from the northwest shore of the lake about 2 t o  3 
f e e t  f'rorn the shoreline. The mud o r  loam sample was 
col lected the same day from Red Haw Lake, Range 21 west: 
s own ship 72 north: section 34. I n  this case the sample was 
taken from the north s ide of the lake d i rec t ly  below the boat 
docks, about four f e e t  f rom the shore. 
The samples of loam and clay were placed i n  separate 
jars. Later they were transferred t o  f l a t  dishes for air 
drying. On December 1, 1956 the samples of clay and loam 
were removed from the dishes and sealed in bo t t l e s  fo r  
storage. A t  t h e  same time some of each was pulverized w i t h  
mortar and pest le .  After pulverizing, the samples were run 
t h r o w  a f ine  mesh screen (400 squares per square 
centimeter) .  The pulverized materials were placed in to  
separate containers for  storage. 
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w b i d i t ~  meter- (See figure number 1) The turb id i ty  
meter used consisted of the following. Inside a small wooden 
box 6 inches by 9 inches by 10 inches was placed a fo r ty  watt 
General Elec t r ic  frosted l i g h t  bulb. On the 9 inch s ide  a 
s l i t  3/8ths of an inch i n  width and 5 inches long was made. 
A hole 5/8m of an inch i n  diameter was d r i l l e d  in the l i d  of 
the box t o  allow a 6 inch t e s t  tube t o  be inser ted between 
the s l i t  and the l l g h t  bulb. On the outside of the box and 
d i r e c t l y  i n  f ron t  o f  the s l i t  a Weston Master I1 Exposure 
Meter was placed (the type of l i g h t  meter used for 
photography work ) . 
S t i r r i n g  apparatus. In  order to  insure a constant 
amount of s t i r r i n g ,  a s t i r r i n g  machine was constructed. It 
consisted of a small e l ec t r i c  motor (fiom a h a i r  d r i e r ) ,  and 
to  t h i s  motor a glass  rod was attached. The amount of 
a t i r r i ~  for each sanrple was then timed with a watch. 
Method of  preparing poison solution. The copper 
s u l f ~ t e  ~ o l u t i o n  was prepared by weighing out 20 grams of 
Kerck reagent cupric su l fa te  f ine  c rys ta l s .  This was added 
t o  200 m i l l i l i t e r s  of d i s t i l l e d  water and s t i r r e d  u n t i l  a l l  
of  the c rgs ta l s  were i n  solution. 
Pro-Noxfish ( th ie  i s  a product of the S. B. Penick 
and Co. of New York and i s  equivalent t o  5$ emulsifiable 
rotenone) was o b t ~ i n e d  f'rom the Iowa Sta te  Conservation 

Commission. This solution i s  being used i n  f i s h  work for 
the s t a t e .  Several concentrations were t r i ed  before a 
concentration which k i l l ed  the Daphnia between 10 and 40 
minutes was obtained. The more concentrated solutions k i l l ed  
too rapidly and lower concentrations k i l l ed  too slowly, 
causing too much va r i ab i l i ty  i n  the death time of the 
Daphnia. The stock solution used i n  t h i s  experiment was made 
by mixing four-tenths (0.4) m i l l i l i t e r  of Pro-Noxfish w i t h  
249.5 m i l l i l i t e r s  o f  d i s t i l l e d  water, which gave a 0.0008k 
concentratlon of rotenone. 
Organisms used. Daphnia pulex de Geer 1778 were 
obtained from the General Biological Supply House.fn Chicago, 
I l l i n o i s .  The specimens were from two t o  three weeks old. 
Procedure of the experiment. me following outl ine of 
s teps  wae followed i n  each o f  the adsorption toxic i ty  
experiments performed: 
1. The amount of clay o r  loam was weighed on a 
balance. 
2. The amount of d i s t i l l ed  water was measured t o  
give one of the following concentrations rJer 
50 ml.: 5 mg. 10 mg.  20 rng. 40 mg. or 80 m g .  
3 .  Number one and two above were placed i n  a 50 ml. 
t e s t  tube: to  t h i s  was added enou* stock 
solution of rotenone t o  give 0.5 m l .  o f  stock 
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s o l u t i o n  f o r  every 49.5 m l .  of water used. In 
the  case of the  copper s u l f a t e  s o l u t i o n  5 m l .  of 
t h e  s tock  so lu t ion  were used f o r  every 20 m l .  of 
water used. 
4. The t h r e e  ma te r i a l s  above were s t i r r e d  f o r  one 
minute, 
5. Ihe  mixture from number 4 above was then poured 
through a f i l t e r  paper i n t o  another  50 m l .  t e s t  
tube. 
6. Twenty-five m i l l i l i t e r s  o f  the f i l t r a t e  from 
number 5 was then placed i n  a p e t r i  dish. 
7. To t h e  p e t r i  d i sh  in number 6 above 10 Daphnia 
were added. 
8. The time was noted from the  in t roducing  of 
Daphn3.a t o  the time that 5 (ha l f  of t h e  sample 
o r ~ a n i s m s )  were no t  swimming. 
9. The time was noted a l s o  from the  a d d i t i o n  of 
Daphnia t o  the time 5 ( h a l f  of the sample 
organisms) were dead (deterrained by use  of a hand 
l e n s  and the absence of h e a r t  bea t  and movement 
o f  thorac ic  appendages on the  p a r t  o f  t h e  
Daphni R ) . 
Contro l  used. A c o n t r o l  f o r  each of  the experiiuental 
a t epe  performed was maintained: the above procedwe was  used 
except t h a t  no poison (e i ther  of rotenone or copper sulfate) 
was used. 
CHAPTER IV 
STANDARDIZATION 
The empirical method Was used t o  deternine the na tura l  
s u s ~ e n s i o n  of clay and loam in the ponds used. The f h d i n g s  
of these preliminary investigations noted i n  t h i s  chapter 
were used as  a base l i n e  i n  the primary problem. 
Preliminary inves t f  gation w i t h  the turbidi ty  meter. 
On March 16, 1957, some of the following things were noted 
concerning the reading of the turbidi ty  meter. Without a 
t e s t  tube i n  the position between the for ty  watt bulb and the 
light meter, the meter reading was 170. (These readings are 
f o r  comparison and need not have a measurenent attached t o  
them. ) 'When an empty t e s t  tube was placed i n  the turb id i ty  
meter, the reading on the meter was 150. If this same t e s t  
tube was f i l l e d  with d i s t i l l e d  water and replaced in the 
tu rb id i ty  meter, the reading was 300. 
Effect  of s t i r r inq .  On llarch 16, 1957 samples of 
water from Red Haw Lake and from City Lake were obtained and 
run through the turb id i ty  meter without s t i r r i n g .  Three 
sample3 from each lake were used. In sample number 1 from 
Red Haw the l i g h t  meter reading was 300, in sample number 2 
the ~.~,adlne YBB 300, and i n  sample number 3 t h e  reading was 
300. ~ r o m  the City Lake the following reading3 were 
4 
obtained: i n  sample number 1 the reading was 280, in sample 
~ ~ b e r  2 it was 310 and i n  sample number 3 the reading was 
290. Each of these samples has a reading which i s  very near 
t h a t  of d i s t i l l e d  water, yet when obtained they were not 
c lear .  The lakes where the samples were secured are about 
5 miles from the place where the t e s t s  were car r ied  on and 
during the time between the picking up of the samples and 
the t e s t ing  o f  them, the suspended materials s ta r ted  t o  
s e t t l e  out. On occasion it was noted the suspended materials  
congregated near the bottom of the sample. Sfnce there i s  a 
na tu ra l  s t i r r i n g  up in the lakes by different  organisms 
moving about, by the wind, and by the currents, i t  was 
decided t o  s t i r  up the samples a r t i f i c i a l l y  before t e s t ing  
them. On l a t e r  cases where s t i r r h g  was applied before 
t e s t ing ,  the meter readings were lower. 
Effect  of water temperature on turb id i ty  meter. The 
temperature of the water from the lakes was noted t o  range 
between 18'~.  and 30°c. when measured a t  the laboratorg. 
Di s t i l l ed  water was heated to boiling and tested; i t  
was found tha t  the a i r  bubbles had a s l i g h t  influence on the 
tu rb id i ty  meter reading as did the condensation of steam. 
However, a t  the tetmperature that  the  experiments were 
performed the e f fec t  of temperature on t h e  turbidi ty  reading 
was n i l .  
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Comparative turb id i ty  of C i t y  and Red Haw Lakes. 
Three samples were taken from each of the lakes every time 
col lect ions were made. The samples were col lected in the 
following manner. The cork f rom a s i x  inch t e s t  tube was 
removed; the t e s t  tube was closed with the thumb and then 
placed under the surface of the water; the thumb was removed 
f rom the mouth of the t e a t  tube and the tube was allowed t o  
f i l l  w i t h  water; when the tube was f i l l e d  wf th  water, the 
cork was replaced. Ple collections were made i n  the morning 
between the hours of eight o'clock and ten o'clock. Each 
sample was tes ted  i n  the turbidi ty  meter as  i t  was brought 
from the lakes; it was then s t i r r e d  for  30 seconds and 
t e s t e d  again; i t  was then l e f t  standing fo r  5 minutes and 
tes ted  a th i rd  time. In  each case the texperature of the 
water was noted. Table I gives the comparative readings f o r  
City Lake, and Table I1 gives the comparative readings for  
Red Haw Lake. 
I n  reading tihe tables,  the date given i s  t o  be used 
u n t i l  a new date i s  given. Ple higher the reading the l e s s  
suspended material there was i n  the sample. 
Method of obtaining turbidi tg  near tha t  found in the 
lakes. To exactly reproduce the turbidi ty  found i n  t h e  two 
d i f ferent  lakes would be almost impossible. As it  appears 
the tu rb id i ty  of the lakes d i f fe r s  a t  different  times, and 
TABLE I 
COMPARATIVE TURBIDITY OF WATER SAMPWS FROM CITY LAKE, 
LUCAS COUNTY, IOWA 
Date Temperature Reading before Reading after Reading 
s t i r r i ng  s t i r r i n g  5 minutes 
a f t e r  
s t i r r f n g  
Arithmetic 
Fie an 2 0 . 6 6 ~ ~ .  
?Tote: Where the reading went over 300, par t ic les ,  which 
were white In color, were noted In the water. 
TABLE I1 
COMPARATIVE TURBIDITY OF WATER SAIPLES FROM RED FiAW 
LAKE, LUCAS COUNTY, IOWA 
Date Temperature Reading before Reading a f t e r  Reading 
s t i r r i ng  s t i r r i n g  5 minutes 
a f t e r  
s t i r r i n g  
3/23/57 19.5Oc. 
Arithmetic 
Mean 19.97Oc. 290 2-70 -55 282.22 
PTote: Where the reading went over 300, par t ic les ,  which were 
white i n  color, were noted in the water. 
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even i n  d i f fe rent  samples a t  .the same time. 
fn the  reproduction of the turb id i ty  found i n  the 
lakes, only d i s t i l l e d  water and e i ther  clay or  loam were 
used. The s ize  of the pa r t i c l e s  of these materials  varied 
from minute up t o  0.05 centimeter in diameter, s ince both 
were m o u g h  a f ine mesh screen (400 squares per square 
centimeter) .  
The following; mixtures or the i r  equivalents were made 
f o r  both the loam and clay: 5 mg., 10 mg., 15 mg., 20 mg., 
25 rug., and 30 mg., per 50 m l .  of d i s t i l l e d  water. Each of i 
these was s t i r r e d  for  a period of one minute, then put i n t o  
t h e  t u rb id i ty  meter and the reading taken. They were allowed 
t o  set f o r  5 minutes, then another reading was taken: a f t e r  
another period of 5 minutes, or  a t o t a l  of 10 mFnutes from 
the time of a t i r r i n g ,  a th i rd  reading was taken. Table I11 
shows comparative turbidi ty  of d i f fe rent  concentrations of 
clay, and Table IV shows the comparative turb id i ty  f o r  
various concentrations of loam. 
The reading of the f i r s t  sample on Table I11 would be 
a s  follows: On the 6th of June 1957, 5 mg- of clay per  
50 m l .  OF water immediately a f t e r  s t i r r i W  gave a read- of 
290, 5 minutes a f t e r  s t i r r i n g  the reading was 295, and 
10 minutes a f t e r  s t i r r i n g  the reading was 275. 
- 
TABLE I11 
COMPARATIVE TURBIDITY OF VARIOUS CONCENTRATIONS OF CLAY 
IN DISTILLED WATER 
Date Concentration 0 minutes 5 minutes 10 rnlnutes 
per 50 ml. a f t e r  a f t e r  a f t e r  
s t i r r ing  s t i r r i ng  s t i r r i n g  
6/7/57 5 ml3. 290 300 295 
10 mg. 290 28 0 285 
15 w* 275 275 275 
20 mg. 260 265 265 
260 25 mg. 275 275 
30 mg. 250 260 260 
TABLE I11 (Continued) 
Date Concentration 0 minutes 5 minutes 10 minutes 
per 50 m l .  after after after 
stirring stirring stirring 
Arithmetic 5 m@;. 295 295.83 ' 290 
Mean 10 rng. 281.66 281.66 287.5 
15 mg* 275 274.16 278 33 
20 rng. 264.16 273.33 268.33 
25 W* 251.66 267.5 273.33 
30 rng* 240 258 33 260.83 
TABLE IV 
COMPARATIVE TURBIDITY OF VARIOUS CONCENTRATIONS OF LOAM 
IN DISTILLED WATER 
Date Concentration 0 minutes 5 minutes 10 minutes 
per 50 rnl. after after after 
stirring stirring stirring 
6/6/57 5 mg* 
10 mg. 
295 
29 0 
15 mg. 
20 mg. 
300 
270 
25 w* 250 
30 me* 225 
5 me. 290 
10 mg. 29 0 
15 mg. 275 
20 mg. 275 
25 W. 260 
30 mg. 230 
TABLE IV (Continued) 
Date Concentration 0 minutes 5 minutes 10 minutes 
per 50 ml. after after after 
stirring stirring stirring 
Arithmetic 5 We 295 290 294.16 
Mean 10 mg. 285 292-5 289.16 
15 mg* 273.33 282.5 286-66 
265-83 270 275.83 20 mg. 
25 We 29-43 260.43 270 
30 mga 227-5 244.16 254.16 
OBSERVATIONS AND INTERPRETATION O F  DATA 
The observations and data obtained have been put f o r t h  
i n  the following tables:  Tables V, V I ,  V I I ,  and VIII. The 
information from these four tables  has been summarized and 
the probable e r ror  and standard deviation have been 
calculated i n  Tables I X  and X. I n  reading the tab les  it 
should be noted t h a t  &en temperature and date a re  given, 
t h a t  same temperature and date a re  t o  be used u n t i l  a new 
temperature and date a re  given. The reading f o r  the f irst  
l i n e  on Table V would be as follows: on August 3, 1957 w i t h  
the temperahme of water 27'~. and with zero rug. of clay per 
50 m l .  of water, i t  took 13 minutes u n t i l  5 Daphnia were not  
swi~ming, i t  took 16 minutes u n t i l  5 Daphnia were dead. 
Tables IX and X show tha t  the range of average death 
time did not  exceed 2 minutes i n  any case, regardless of 
which combination of loam, clay, rotenone or  copper su l fa t e  
was used. This tends to indicate t h a t  very l i t t l e  i f  any of 
the poison was adsorbed upon the suspended p a r t i c l e s  of c lay 
o r  loam. If e i the r  of the poisons were being adsorbed, one 
would expect a gradual steady increase i n  death time as the 
c o n c e n t r ~ t i o n  of suspended materials increased. I n  three 
cases, (rotenone and clay, copper sulfa te ,  clay and loam) 
there was de f in i t e ly  no gradual increase i n  death time. In 
DAPHmA DEATH RATE I N  VARIOUS CONCEITRATIONS 
OF CLAY IN DISTILLED W A m ,  
USING ROTENOIJE AS POISON 
Date Temperature Concentration Time until Time until 
per 50 ml. 5 Daphnia 5 Daphnia 
were not were dead* 
swimming 3+ 
8/3/57 27'~. 0 mg. 
0 mg. 
5 mg. 
5 
10 mg. 
10 mg. 
20 me;. 
20 me;. 
40 mg. 
8: 2: 
80 mg. 
+$ A l l  time is t o  the nenrest minute 
TABLE V (Continued) 
Date Temperature Concentration 
per 50 ml. 
0 mg* 
0 mg. 
5 mg. 
5 mg* 
10 m g o  
10 Jng. 
20 mg* 
20 mg. 
40 we 
40 m!3* 
80 mg. 
80 mg. 
0 mg= 
0 mg. 
5 
5 m3. 
10 ng. 
10 mg. 
20 rnG. 
20 mg. 
40 ms. 
% $1 
80 mg. 
Time until 
5 Daphnia 
were n o t  
Time until 
5 Daphnla 
were dead* 
* All time is t o  *e nearest  minute. 
Date 
8/14/57 
TABLE V (Continued) 
Temperature Concentration Time u n t i l  
per  501111. 5Daphnia 
were no t  
swiming* 
28'~. 0 mg. 
0 w. 5 mg. 
5 me. 
10 mg. 
10 mg. 
20 mg. 
20 rug. 
40 mg* 
40 mg* 
80 mg. 
80 mg. 
26 
Time u n t i l  
5 Daphnia 
were dead* 
24 
40 
29 
2 3 
38 
27 
45 
26 
37 
37 
42 
* All time i s  t o  the nearest  minute. 
TABLE VI 
DAPHNIA DEATH RATE IN VARIOUS CONCENTRATIONS OF CLAY 
I:tJ DISTILLED WATER, USING COPPER SULFATE AS POISOIT 
Date Temperature Concentration Time until Time until 
per 50 ml. 5 Daphnia 5 Daphnia 
were not were dead-2 
swimming;':- 
7/12/57 -- 0 mg, 
0 mg, 
5 m g m  
5 mg* 
10 mg. 
10 w m  
20 mg, 
20 mg. 
40 mg. 
tQO, 2: 
80 mg. 
0 mg* 
0 mg. 
5 m&* 
5 w *  
10 mE;. 
* All time ia to the nearest minute. 
TABLE VI (Continued) 
Date Temperature Concentrat ion Time until 
per 50 ml. 5 Dapknia 
were not 
swimming+ 
8/10/57 26'~. 0 mg. 
0 w* 
5 w* 5 ms* 
10 rag. 
10 mg. 
20 mg. 
20 m g .  
40 mg* 
8: 2: 
80 mg. 
8/10/57 26'~. 0 mg, 
0 w* 
5 w* 
5 me;* 
10 nlg. 
10 nlg. 
20 lq. 
20 mg. 
40 m G m  
Time until 
5 Daphnla 
were dead-% 
* All time ia to the nearest minute. 
I 
I 
i 
29 
TABLE VII 
DAPHNIA DEATH RATE IN VARIOUS CONCENTRATIONS 
OF LOAM IN D1STILI;ED WATER, 
USI>TG ROTEITOIa AS POISON 
Date Temperature Concentration Time until Time until 
per 50 ml. 5 Daphnia 5 Daphnia 
were not were dead* 
swimming* 
7/27/57 27.5Oc. O mg. 15 18 
0 mg, 19 20 
5 me;. 20 21 
10 mg. 21 
20 mg. 21 2  
8: 2: 20 28 20 23 
8/2/57 29'~. 0 mg. 
0 mg. 
5 w* 
5 mgm 
10 In&* 
10 mg. 
20 mc,. 
20 mg. 
40 mg. 
40 rn.5- 
UO rnz, 
80 msm 
++ All t h e  I s  to the nearest minute. 
TABLE V I I  (Continued) 
Date Temperature Concentration Time u n t i l  
per 50 m l .  5 Daphnia 
were not 
swimming* 
0 mg. 
0 mg. 
5 mg* 
5 w* 
10 me;. 
10 mg. 
20 mg* 
20 mg. 
40 mg* 
8: : 
80 mg. 
0 mg. 
0 tug. 
5 mg* 
5 mg* 
10 mg. 
10 m-,. 
20 w. 
20 mg. 
40 w* 
8: 2: 
ZO mz. 
Time until 
5 Daphnia 
were dead-x- 
* A l l  time i s  t o  tihe nearest  minute, 
TABLE V I I  (Continued) 
Date Temperature Concentration Time until 
per 50 ml. 5 Daphnia 
were not 
8/14/57 26'~. 0 mg* 
0 mg. 
5 me. 
5 me. 
10 mg. 
10 lug. 
20 mg. 
20 mg. 
40 mi30 
8: : 
80 mg. 
8/9/57 25'~. 0 mg* 
0 mg. 
5 ms. 
5 me* 
10 ma-,. 
10 mg. 
20 mg. 
20 ng. 
40 rnz. 
40 w-  
80 mg. 
80 ms. 
Time until 
5 Daphnia 
were dead* 
.I+ All time is to the na~rest minute. 
TABLE V I I I  
DAPHNIA DEATH RATE I N  VARIOUS CONcEI.TTRATIOTJS 
OF LOAM ITJ D I S T I L U D  WATER, 
USING COPPER SULFATE A S  P O I S O N  
D a t e  Temperature Concentration T i m e  u n t i l  T h e  un t f l  
per 50 m l .  5 D a p h n i a  5 D a p W a  
were n o t  were dead3 
7/12/57 -- o mg.  
0 mg. 
5 w* 5 m g .  
10 mg. 
10 mg.  
20 m g .  
20 mg.  
40 mg* 
$0 m g =  
0 mg.  
80 mg. 
0 mg.  
10 m i .  
10 mg. 
20 ng. 
20 m&. 
40 w- 
8; 2: 
GO mf;. 
8/6/57 23'~. 0 mg- 
0 rng. 
5 w *  
5 mr3- 
10 ng= 
10 ml;. 
20 rnG. 
20 w. 
40 w* 40 m ~ .  
60 rnG. 
80 rng. 
* A l l  time is to the nearest minute. 
T A B U  VIII (Continued) 
Date Temperature Concentration T h e  until 
per 50 m l .  5 Daphnia 
were not 
swimming* 
0 rng. 
5 mg* 5 mg* 
10 mg. 
10 mg. 
20 me. 
20 rng. 
40 mg- k: z: 
80 mg. 
8/11/57 25'~. O mg. 
0 mg. 
0 mg. 
Time until -5 Daphnia 
were dead* 
* A l l  time i s  to the nearest minute. 
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TABm IX 
AVERAGE, STANDARD DEVIATION AND PROBABLE ERROR 
OF WATER SAKPLE3 OF VARIOUS COIJCEBTRATIOl?S 
OF SUSPENDED PARTICUS AND ROTEITOitE 
Summary of rotenone and suspended pa r t i c l e s  of loam 
concentration Average death S tandar d Probable 
per 50 ml. time* deviation e r ro r  
o mg. of loam 24.5 9 . 03 6.11 
5 mg. of loam 24-47 6-41 4.32 
10 me;. of loam 25.33 5.111 3.65 
20 mg. of loam 25 27 6.94 4.67 
40 mg. of loam 26.13 9-61 6.48 
80 mg, of loam 26.53 5.68 3.66 
Summary of rotenone and suspended pa r t i c l e s  of clay 
Concentration Average death Standard Probable 
per 50 m l .  timea deviation e r ro r  
0 mg. of clay 30 m 5  12.05 8-13  
5 me. of c lay  28.57 8.67 5-85 
10 of clay 32.07 10.44 7.04 
20 mg. of clay 29-07 11.70 7.89 
40 mg. of clay 34.71 11.63 7-84 
80 me. of c lay  32.07 9.06 6.11 
* A l l  time i s  i n  minutes. 
AVERAGE, STANDARD DEVIATION AM) PROBABLE ERROR 
OF WATER SAMPLES OP VARIOUS CONCEMTRATIOXS 
OF SUSPENDED PARTICLES AND COPPER SULFAm 
Summary of copper s u l f a t e  and suspended pa r t i c l e s  of loam 
Concentration 
per 50 m l .  
0 mg. of loam 
5 mg. of loam 
10 me. of loam 
20 mg. of loam 
40 mg. of loam 
80 mg. of loam 
Average death 
time% 
23.83 
23.58 
2 2 4 2  
23.33 
23.08 
23.17 
S tandar d Probable 
deviation er ror  
4.50 3.04 
4.99 3. 37 
3 4-0 2.30 
4.23 2.86 
3.73 2.52 
3-34 2.92 
Summary of copper s u l f a t e  and suspended pa r t i c l e s  of clay 
Concentration Average death S tandard Probable 
per 50 ml. time* deviation er ror  
0  mg. of c lay  25 -00 4.49 3- 03 
5 mc. of clay 23.08 4.24 2.86 
10 me;. of c lay  22-75 4.78 3-12 
20 mg. of c lay 23 - 75 2.83 1 - 9 1  
40 mg. of c l a y  23.83 3-88 2.62 
80 me. of c lay  23 17 4-43 2-99 
* A l l  time i s  i n  minutes. 
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the case of rotenone and loam there appears t o  have been an 
increase i n  death time from no suspended material  t o  80 mg. 
per 50 m l .  of suspended material.  However, even i n  t h i s  
case the increase was no t  steady. 
Using the standard deviation and .probable e r ror  a s  
indicators ,  i t  can be noted t h a t  i n  copper su l fa t e  
poisoning the death time of the organisms was grouped c loser  
about the ar i thmetic  mean death time than i n  the clay and 
rotenone combination where the organisms showed a wider 
range of death time from the average. In the loam and 
rotenone the  deviat ion from the average was greater  than 
tha t  found i n  using copper su l fa te ,  but l e s s  than that found 
in c l q  m e  rotenone exprirnents. 
m e  average tefiperabxre f o r  rotenone and clay 
0 
exyrlmonts was 25.9 C., and the average t e m ? e r a b e  of 
0 
rotenone and loam experiments was 27.3 C. Using these 
averages and comparing the death time in these two 
experiments i t  i s  evident tha t  i n  the rotenone and loam 
suspension a t  the higher temperatures the averase death t h e  
was l e s s  than i n  the rotsnone and clay susgension of the 
lower temperatures. In both of  the experiments u s i ~  copper 
Sulfate m d  e i t h e r  loam or  clay the average temperature was 
0 2 4 e 9  C .  Also i n  both of these experiments the average death 
time was eimiltv.  
The data indicate  tha t  even w i t h  a i s  very low 
concentration of poison, and with the very high amount of  
suspended mate r i a l s ,  n o t  enough poison was being adsorbed t o  
make an appreciable difference i n  the death time of the 
experimental organism. 
CHAPTER VI 
DISCUSSION 
The basic Purpose of' the foregoing experiments was to  
determine if there  was any adsorption of e i t h e r  copper 
su l fa t e  or  rotenone on suspended pa r t i c l e s  of c lay or  loam 
i n  the water. This adsorption was t o  be measured ind i rec t ly  
by using the death time of Daphnia. This infornation might 
be used t o  more completely standardize the use of rotenone 
and copper s u l f a t e  in  removal of rough f i s h  from ponds and 
lakes. A s  these chemicals are  now used, often the rough fish 
are not  k i l l e d  and complete rough fish removal i s  not 
assured. 
I n  Chapter 111 (standardization) i t  was pointed out 
t h a t  a t e s t  tube with d i s t i l l e d  water gave a higher r e a d h g  
than an empty t e s t  tube. 'he  following seems t o  account fo r  
t h i s  change i n  reading even though more material  was between 
the l i g h t  source and the l i g h t  meter. F i r s t ,  the s l i t  was 
only 3/3ths of an inch wide: thus the t e s t  tube overlapped 
the s l i t  on both sides. The index of ref'rac t ion of water and 
~ 1 ~ 3 s  i s  such t h a t  the l i g h t  h i t t i n g  the overlapped p a r t  of 
the t e s t  tuba was directed in to  the s l i t  and thus caused a 
higher l i g h t  meter reading. When water was not i n  the t e s t  
tube, the l i g h t  h i t t i n e  the overlapped pa r t  of the t e s t  tube 
Was not d i rec ted  F n t o  the s l i t ,  but ra ther  i t  h i t  the s ide 
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of the box and had no influence upon the l i g h t  meter. 
The t u rb id i ty  of .the sample of water taken from the 
lake was noted t o  vary from place t o  place and from time t o  
time. This difference was due t o  a number of fac tors  such 
as s i z e  of suspended materials,  organic subs tances, 
dissolved mater ia l s  and wind and current.  
By using a very high concentration of suspended 
matter, and a comparatively low concentration of poison, any 
adsorption t h a t  was going t o  take place should have shown up 
qui te  quickly. I n  only one case was there any f a i r l y  
consis tent  ind ica t ion  t h a t  adsorption took place: t h i s  was 
w i t h  the use of loam and-rotenone. m e n  here the t o t a l  
dzfferonce between a concentrated amount of suspended 
material  and no suspended mater ia l  was l e s s  than two (2)  
minutes. Also, it should be noted tha t  a steady increase In 
death r a t e ,  aa the  concentration of loam increased, did not  
appear. 
A cont ro l  was maintained f o r  each of the experiments, 
and in each case the control  organism outl ived the t e s t  
organism. 
The data  i n  Chapter V r a i s e  the posa ib i l i tg  t h a t  a s  
the temperature increased, time needed to k i l l  the DapMa 
decreased. A re la t ionship  between increase in temperature 
and decrease i n  death time fo r  Daphnia would be in  accordance 
40 
1 
with the f indings of others* Some experimenters have found 
f i a t  the metabolic r a t e ,  velocity of aging, hea r t  r a t e  and 
suscep t ib i l i ty  t o  d i f fe rent  poisons vary i n  the same 
direct ion a s  the temperature. 2 
TablesIX and X show tha t  there was a wide variation 
in death time of the organism, especially where clay and 
rotenone were used i n  conbination. I n  t h i s  problem no 
e f f o r t  was made t o  use one s i ze  of organism, or one sex: 
however, not  a l l  l a rge  or  older Daphnia were used i n  any one 
experiment. This wide var ia t ion  noted i n  death time appears 
to  be cons is ten t  w i t h  the findings of Mac Arthur and others. 3 
Before put t ing  too much import Fn the apparent 
adsorption of rotenone on suspended pa r t i c l e s  of loam these 
things should be considered: First, the difference between 
average death time of Daphnia in  no suspended loam to  a 
saturated so lu t ion  was only two (2) minutes. Second, the 
increase i n  death time was not a steady increase as one would 
expect. Third, difference i n  age, sex and t e m p e r a b e  could 
1, ifoffman, Donald, and Rigkalla Zakhary, "The Effect  of 
~emperature  on the ~ lo l luscac ida l  Activity of Copper 
Sulphate," Science, 14:521-3 Yov. 16, 1951. 
2 MRC  art?.?^, op. c i t e ,  pp. ai3-258. 
31b~d. -
4J 
possibly account for the slower death time at the higher 
concentration of loam. Taking these above facts into 
consideration it seems likely that the slower death rate in 
the higher concentration of suspended materials was due to 
i something other than the adaorption of the poison upon the 
suspended matter. 
In conclusion it can be said that the temperature and 
concentration of rotenone and copper sulfate are far more 
important in the use of these as poisons than the amount of 
clay or loam particles suspended in the water. In only one 
experiment was there any fairly consistent indication of 
adaorption. Effects of other possible factors and the amount 
of apparent adaorption make the importance of the apparent 
adaorption neglfgible. 
CHAPTER V I I  
SUMMARY 
The k i l l  i n  f i s h  poisoning i s  not uniform with similar 
concentrations of poisons. From this developed the problem 
of possible  adsorption of poison on suspended matter in the 
water. 
A h i s t o r y  of investigations performed i n  the f i e l d  of 
I 
rough f i s h  removal indicated no work had been carr ied out 
concerning the possible adsorption of rotenone or copper 
I su l fa te .  
The method of determining turbidi ty  and standardiza- 
t ion  of  procedures i s  s e t  for th  i n  Chapter N. Death time is 
~ described a s  no h e a r t  beat  and absence of movement of t ~ e  
I thoracic appendages of the Daphnia. 
The co l l ec t ion  of data was based on the use of 3,190 
hphnia.  The data a re  placed in table form, and 
i n t e rp re ta t ion  of the  information i s  given, followed by a 
discussion as t o  the  meaniw and possible importance of the 
data. 
Ae datermined i n  the study the influence of 
adsorption of poison on e i the r  olay or  loam was negligible. 
\ 
Since the adsorption of poison on suspended p a r t i c l e s  
of c lay  o r  loam were negligible,  these fac tors  need not be 
conaidered i n  f ish control ,  where the concentrdion of poison 
used i s  feul above the concentration uaed i n  t h i s  problem. 
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